have yielded successful predictions ofliftoffheight [7] . It hasalso been proposed [8, 9] that hot,product containing eddies rotate upstream, entrain preheated reactants, and facilitate reaction. Recent studies using scalar fieldimaging [10] and PIV [11] showed evidence oftheimportance ofsuch recirculation atthestabilization region.
In thepresent study, multiscalar laser diagnostics andnumerical models areused to investigate a lifted turbulent H2/N2 jet flamein a coflowof leanH2/air combustion products. Thisliftedflamehassome features consistent withthetheory of stabilization bypropagation of aturbulent partially premixed flame.However, the conditions of thevitiated coflowadmit theinteresting possibility thatmixtures canautoignite astheyconvect downstream. In addition, therearefeatures in thelaser measurements thatsuggest thereaction zonein the stabilization region isthickened (thicker thanthesmallest estimated scales ofturbulence) ormay include localized ignition events. Experimental and computational results arediscussed inthecontext ofthese novel conditions.
EXPERIMENTAL METHODS
Experiments wereconducted ona liftedturbulent H2/N2 jet flame in a vitiated coflow ( The stoichiometric mixture fraction for the present fuel composition is f_=0.474.
Inlet and Far-Field Boundary Conditions
Radial profiles of Favre averaged temperature at z/d=l, 14 and 26 are plotted in Fig 2. The measured mean temperature in the coflow at z/d=l is uniform (2% RMS), indicating a well-mixed mixture. Also, the far-field (coflow) measurements of temperature do not change with axial distance. Thus, the integrity of the coflow is maintained in the entire test region. The same well-defined boundary conditions are observed for the species
measurements. These results demonstrate that the flame can be modeled as a jet flame issuing into an infinite hot coflow, and they attest to the success of the experimental design.
Flame Structure and Lift-Off'Height
The OH mass fraction, YOH, is used as a marker of the average flame lift-off height in both measured and modeled results. Fig. 3 a shows a contour map generated using an aggregate of the point measurements (white dots).
Several points were taken in the flame stabilization region to provide adequate resolution for determination of the lift-off height, H/d-i O, which was taken to be the location where the Favre average YOHreaches 600 ppm.
The numerical models each predict a lifted flame structure, which is a significant result in itself, regardless of the accuracy of the predicted lift-off height. It is was not obvious, a priori, that the PDF model would predict a lifted flame because the present calculation proceeds in a downstream marching solution and includes no mechanism for propagation of a turbulent premixed or partially premixed flame into the convecting flow. However, it is apparent from Fig. 3b that there is reaction progress for some fraction of the PDF particles well upstream of the flame stabilization location at the YOH=600 ppm contour. This result is associated with auto-ignition of mixed fluid, a process that would not occur with a cold air coflow. There were no visually obvious auto-ignition events well below the lift-off height; perhaps they would have been revealed by radial profiles taken at intermediate locations (l<z/d<8). However, the flame does spontaneously ignite in the laboratory, starting at a far downstream location, when the coflow is operating and jet flow is turned on. This possibility for auto-ignition leading to flame stabilization in the vitiated burner and the PDF calculation are worthy of further exploration.
Results from three numerical simulations are shown. Fig. 3b shows the OH contours from the PDF combustion model and the standard k-c model, which yields a lift-off height of HpDF/d=7. Using the same k-c model, the EDC model predicts H_Dc/d=8.5, as shown in Fig. 3c . The standard k-cmodel is known to over-estimate the turbulent diffusivity and, consequently, over predict the spreading rate of round jets. This may account for the wide flame predictions in these two calculations (Figs. 3b and 3c ) relative to the experimental results (Fig. 3a) . 
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Combustion Statistics at Flame Stabilization
Scatter data of temperature vs. mixture fraction are shown in Fig. 5 . Approximately 4,000 point measurements from different radial positions were grouped together to form a probability density map for three axial positions (z/d=8, 11, 14) . There is a clear progression from a predominantly mixing condition (z/d=8) to vigorous flame burning (z/d=14) that corresponds to the transition from mixing only to mixing combined with ignition and flame stabilization. Since the flame is not attached to the nozzle, the central fuel jet entrains hot oxidizer from the coflow, evolving into a partially premixed flow with fluid temperatures corresponding to the mixing line between the jet and coflow boundary conditions in Fig. 5c . Beyond the potential core of the jet there is progressive dilution of the richest samples, such that the fuel-rich boundary condition for combustion at z/d=14 has decreased from f=l.0 to values between f_3.9 and f_3.6. Also plotted in Fig. 5a are the results from a series of laminar opposed flow flame calculations with equal molecular and thermal diffusivities. Corresponding calculations with full transport (i.e. with differential diffusion included) poorly matched the data, suggesting that turbulent stirring is more important than differential molecular diffusion in determining the relative mass fractions of major species in the measured flame. The fuel side boundary condition for the laminar flame calculations was set at f=0.8, to represent this measured departure from the pure jet composition.
The range of scalar dissipation rates in the turbulent flame above the stabilization region can be estimated by determining the strain rates whose corresponding opposed flow laminar flame solutions match the upper and lower bounds of the laser shot measurements [30] , particularly on the fuel-lean side. In Fig. 5a , the laser shot data is approximately bounded by solutions with strain rates of 100s -a and 5,000s -1. The computed strain rate prior to laminar flame extinction was 13,000s -a, and a number of data points are below the 5,000s -1 solution.
It should be noted that the low strain rate calculation adequately describes the lean side results as expected, since these results correspond to the hot co-flow where low strain should prevail and where viscosity is still relatively high. The richside experimental results cannot be adequately represented by this limited set of laminar flame calculations because of the broad range of fuel-side boundary conditions produced by mixing upstream of the reaction zone.
Perhaps the most interesting condition can be seen in Fig. 5b , where the data is scattered throughout the zone between the mixing (lower) and fast chemistry (upper) limits on temperature. This axial position (z/d=l 1) is one diameter above the observed lift-off height. The behavior of the scatter data in Fig. 5b 
